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E  V  
Hie i  e iche e ich, Ca l Fe di a d Ca elle , a  Eide  a , da  ich die 
liege de Di e a i  ​Diag ik d The a ie de  Pig e ie e  Vill d l e  
S i i  (Rie e ell  de  Seh e cheide ) ​  elb dig a gefe ig  habe, 
ich a e  de  a gegebe e  kei e  ei e e  Hilf i el bedie  d alle 
E ke i e, die a  de  Sch if  ga  de  a he d be e  i d, al  
lche ke lich ge ach  d ach ih e  He k f  e  Be eich g de  
F d elle ei el  achge ie e  habe. 
Ich e kl e de  Wei e e , da  die hie  geleg e Di e a i  ich  i  gleiche  de  
i  h liche  F  bei ei e  a de e  S elle  E la g g ei e  akade i che  
G ade  ei ge eich  de. 
I he eb  c fi  ha  he di e a i  ​Diag ik d The a ie de  Pig e ie e  
Vill d l e  S i i  (Rie e ell  de  Seh e cheide ) ​  i  he e l  f  
 k a d ha  I ha e l  ed ce   a e ial  li ed a d ecified i  he 
di e a i . 
B igh fe , de  14.01.2020 / B igh fe , 14.01.2020 
Carl Ferdinand Capellen
U e ch if  / ig a e 
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1. A   
 
PVNS / PVS Pig e ie e ill d l e S iali i  
RSO Radi i he e 
CSF1 c l  i la i g fac  1 
CSF1R c l  i la i g fac  1 ece  
VEGF Va c la  E d helial G h Fac  
(1;2) T a l ka i   Ch  1 d 2 
LR L kal e idi  
MRT Mag e e a g a hie 
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3. ​E   G  
 
Da K a khei bild de Pig e ie e ill d l e S iali i (PVNS), defi ie        
(WHO) al Rie e ell de Seh e cheide de e iale       
Rie e ell ell ei e eh el e e abe g a ige, e la i che P life a i         
de Me b a a iali a gehe d Seh e cheide , Gele kka el de        
ga  el e  a ch  Schlei be el  (B e ) da .  
E al be ch iebe de ei e l kale, d l e Va ia e de E k a k g 1852          
Cha aig ac a ei e Fle eh e de Ha d ​[1]. 1909 de M e die             
diff e E i a S ggele k be ch iebe , h e da bi da ei e ei hei liche           
N e kla de Kla hei be da K a khei bild e i ie e [2]. E 1941 de           
de  Beg iff de  PVNS d ch Jaffe, Lich e ei  d S  ge g  [3].  
Die i l gie de L i i dabei ich lle d gekl . S de h lich ie bei              
de he k liche A h i i i fla a i che Reak i e de S ial e b a ,       
T a a a [4] de a ch ge e i che K e e , bei geh f a fgef de e         
E e i k l ie- i lie e de Fak 1 (CSF1) d h fige (1;2)         
T a l ka i , al  U ache di k ie  [5]. 
Die I ide i je ach Li e a eh a iabel, i ge a jed ch ehe ge i g i             
d ch ch i lich e a 1,8 - 2 F lle / 100.000 Ei h e [6]. La ei e d i che             
S die a de Jah 2012 be g die I ide i D e a k alle di g ga            
11-44%, je ach S bf [7]. Die die Ve g ei e h he e I ide bei             
ei e  ge i e  D kel iffe  a gel  egi ie e  F lle.  
Da Al e de E k a k e lieg i de Regel i che de 20. d 40. Lebe jah i               
ei e kla e H figkei gi fel i che de 3. d 4. Lebe jah eh [3]. Die           
Ve eil g a f Ma  d F a  i  e a gleich [8].  
He e e cheide a ei S bf e : die l kale ( d l e) de diff e           
( ill e ) F [9]. E e e fi de ich ehe i aa ik l , bei le e e alle            
e aa ik l fi de i . Mei i ei Gele k be ffe , bei da V k e             
abe bi i (klei e- de g e Gele ke d de e Seh e cheide ) glich i .           
Dabei i da K iegele k a h fig e (e a 60%) be ffe ; F lge d die           
H figkei de Befall i ab eige de Reihe f lge: H f e, S ggele k, Sch l e ,         
Ellb ge , e c. [4]. 
Da Be ch e debild de Pa ie e i eh he e ge d eich ei e           
ch e l e Gele k ch ell g be Sch e e , Ei kle g de      
F e dk e gef hl bi  hi   llige  I bili ie g [10].  
 
Die f h ei ige Diag ik iel ei e e cheide de R lle die el e e          
E k a k g de ek ie e d ei e ei la gj h ige de k i e        
K a khei e la f e hi de . K e i elle R ge ,     
Mag e e a g a hie (MRT), C e g a hie (CT) d ei e Bi ie       
hi l gi che A fa bei g elle dabei die g gig e Ve fah e da .         
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Ve che i h a l gi che , bi che i che d i l gi che      
U e ch ge  allei  bliebe  e f lgl  [11]. 
W h e d a i R ge bild, i e a 33% de diff e d 25% de l kale F lle              
i e e S adie e i e, i che d a iell kle ie e de         
K che l i e fi de , ell da MRT die e i i e de ich i a i e Me h de           
i i che Sig ala l ch ge d ch Ei e ig e e da [12], [13]. Hi l gi ch         
fi de a i Te ialge ebe ei e P life a i S i e , a         
achf lge d ei e Ei a de g E d g elle ie .B. Hi i e d i          
H ide i  belade e  Mak hage   F lge ha  [14]. 
I a e a i , bei iel ei e i el ei e A h k ie de K iegele k de bei         
ffe e Z ga g, eige ich i che b lich-gelbe, a ch al g liche Bel ge         
b . Sch ell ge , die ebe fall d ch ei gelage e Ei e ig e e e ach        
e de . 
The a e i ch g e Wich igkei f da La g ei e geb i , alle i Hi blick           
a f die Re idi a e, i die e a i e Sa ie g. De G ld a da d elle hie bei die            
ffe e S ek ie bei diff e Befall b . die a gi ale E i i i l kale           
F e da [15]. Die ka e ede a h k i ch, ffe de al          
K bi a i e fah e  ge chehe , a  k e  di k ie  i d [16]. 
 
Bei eh ei f ge ch i e e K a khei e l fe i a ge g e       
K el-/K che ch de de Z a d ach eh fache Re idi e k e a ch        
T ale d he e , be iege d a K ie d H f e, de ga ei e A h de e,           
Bei iel de  S ggele k , i  F age.  
Je ach G dlichkei d E fah g de Chi ge e de i de Li e a           
Re idi a e 15 bi 56 % be ch iebe [10]. Dabei i die diff e de lich             
agg e i e al die l kale F , da bei i k le e , a ielle S ek ie           
Re idi a e bi 50% ge a e de [16]. Geli g ei e ll dige Re ek i i           
da  L kal e idi  i  e a 10 % de lich ge i ge .  
U die Re idi a e e a i e ke de ha de e Re idi e beha del           
ehe i Rah e de adj a e The a ie die e k a e S ahle he a ie [17], die           
Radi i he e (RSO) [18] i Y i -90 [19] d e e di g ei e         
A ik e he a ie  Ve f g g [20].  
Hie bei gil e abe die I dika i e g elle , a f die i di id elle Si a i de              
Pa ie e ach e d die e fah e e ifi che Nebe i k ge bede ke .         
S eig e ich die he k liche e k a e S ahle he a ie Alle f f l i a e           
K a khei e l fe, i de e ei e chi gi che Sa ie g ich glich i de bei           
chlech e ek able l kale Re idi e [20]. Al Nach eil i eifel h e da Ri ik           
ei e Z ei e la ie d ch i i ie e de S ahl g e e . Die RSO, bei de ei            
Be a-S ahle i da be ffe e Gele k i ji ie i d, ka a Gele ke i            
Gele kka el al f ie e H hl a a ge e de e de d ich e la g         
 Seh e . 
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Pe ida i ib (PLX3397), ei elek i e CSF1R-I hibi , i ak ell i S die i          
klei e Fall ahl al e f lg e eche d be ch iebe de , a jed ch ei e e         
La g ei die bed fe [21]. Z de e ei e Da e he a ie e dig. A ch i          
da  S ek  a  e ch e  Nebe i k ge  d cha  ele a . 
I a i ib al ei e e Ve e e de T i ki a e-I hibi e , de ia Bl ckade de          
be e i ie e CSF1-Re e i k , e de k a khei abili ie de Effek e      
ge ch iebe  [22].  
Ei e ei e e O i i de a k l e-e d heliale-Wach fak -A ik e      
(VEGF-a ib d ) Be aci ab, de  a  be i e  Gef a da eile  a e  [23]. 
 
4.   U  
 
U e e Ziel e g de beide A bei e a ei e ei , a ei e Ze i           
e eche de Fall ahl a be ffe e Pa ie e , ei e e ek i e       
be ich a bei i de ge e elle Cha ak e i ika de PVNS d S e ifika          
Beha dl g d E geb i e e elle . Dabei f k ie ich die e e A bei a f            
die a gedeh e, agg e i e chi gi che Sa ie g. 
I ei e ei e Sch i habe i da a h fig e be ffe e K iegele k           
he a ge ch d die adj a e The a ief de RSO be glich Ei fl a f da           




5.1 Me h de  
 
I die Da e ba k de 122 O e a i e a 105 Pa ie e i Al e 12 - 82               
Jah e , die 1996 bi 2014 a e e I i i d chgef h de ,           
a fge e . Dabei de alle L i e i Ve dach a f PVNS         
hi a h l gi ch be ig d i el MRT e a i die Lage d da A a           
de  E k a k g be i .  
Alle Pa ie e e hiel e ei e ffe e S ek ie, die i a che F lle d ch ei e            
diag i che A h k ie e g de. F da K iegele k de ei e         
K bi a i a e ale d d ale S ek ie f de diff e S b de           
ei e i i- e Re ek i bei l kale F e a ge a d . Bei eh a k          
a ge g e Ve la f e f lg e ei e ei ei ige Re ek i ( e al gef lg         
d al). Nachf lge d e hiel e 2 Pa ie e ei e adj a e Be ahl g d 27 ei e           
RSO. 
Bei de 32 Pa ie e , de e K ie i de diff e T befalle a , e f lg e             
i ge a 37 chi gi che I e e i e . A chlie e d e hiel e da 26        
Pa ie e ei e D ei ha e -K che i ig a hie ie RSO d 11 kei e        
(K llg e). 
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Da F ll - de ach fe geleg e ei liche I e alle i el MRT         
d chgef h . Die a i i che A e g e f lg e i el bliche Me h de ach         
Ka la -Meie , L g-Ra k Te d Chi-Q ad a Te . Die D chf h g de S die          
e f lg e ach Ge eh ig g d ch die E hikk i i de Medi i i che Fak l         
de L d ig-Ma i ilia -U i e i M che (P 17-889) d i ch if liche        
Ei e d i  de  Pa ie e . 
 
5.2 E geb i e 
 
Bei ei e edia e Nach ge 71 M a e (13-238), bei ei Pa ie e           
h e dde e a chiede a fg d fehle de E eichba kei , eig e ich i         
22 (18%) F lle ei Re idi i e halb d ch ch i lich 18 M a e , bei >90%            
de Re idi e i de e e d ei Jah e a f a e . Hie bei a e de 22             
Re idi e  9 (11%) P i -Re idi e d 13 (34%) Sek d -Re idi e. 
A E de e e Nach e ch g ( ach Re ek i a ch Re idi bef de )         
eig e ich 6 (5%) 120 Re ek i e i ei e Pe i e de T . A f die              
Pa ie e ahl be ge  (  = 103) i d da  5.8%. 
I  66 (54%) F lle  fa d ich hi a h l gi ch de  diff e T . 
Be glich de Pa ie e , die bei diff e T de K ie e ie de , ka e i              
Mi el ach 19 M a e e a i i 9 (24%) F lle Re idi . V die e 9              
Re idi e a e 3 (17%) E -Re idi e d 6 (32%) Re-Re idi e. I 26 F lle            
de ei e RSO d chgef h , 6 (23%) ei Re idi e ickel e . I de            
K llg e h e RSO eig e  3  11 (27%) Pa ie e  ei  Re idi  [24], [25]. 
 
5.3 Schl f lge ge  
 
Da K a khei bild de Pig e ie e ill d l e S iali i i ei e eh         
el e e, g a ige Ne la ie a gehe d de S ial e b a i A b ei g         
i de Gele ke d e la g Seh e cheide . Die f h i e ei e            
h he Leide d ck de Pa ie e d b i g Teil g e Ei ch k ge i           
de  M bili  i  All ag i  ich. 
Wie i beide S die ge eig gib e g e M glichkei e k a i ei g eife . Dabei            
ell die agg e i e chi gi che I e e i de G ld a da d da , elche         
alle di g i e ch ie ig d ch f h e i d h he e a i e E fah g         
e f de . 
I de Nachbeha dl g ehe di e e O i e Ve f g g, bei i e al           
i de Li e a ei e e gleiche de U e ch g RSO a ei e h ge e           
K a ke g d chf h e k e . Die RSO e glich dabei a ch Pa ie e i          
h he Ri ik ei e L kal e idi a f da ge i ge e Ri ik ei e Ve gleich g e          
ck f h e . Al allei ige Al e a i e agg e i e e a i e Re ek i de         
adj a e  K e a i  bei a gelhaf e  E fe g ka  ie i  ich  gel e . 
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F die Ge a la i gil e ei e ei eiche de A fkl g be da          
K a khei bild bei e , edi i i ch ige Pe al d Pa ie e        
a b i ge   ei e f h ei ig ad a e Diag ik d The a ie  e eiche . 
P jek e ie die E ablie g Pa ie e elb hilfeg e die e A a ch         
e liche E fah ge d ak elle M glichkei e de The a ie d         
e be e  de  U ga g i  All ag i  die e  K a khei .  
6. O
6.1. Me h d  
122 ge ie 105 a ie aged 12 - 82 ea , e f ed a i i i f               
1996 2014, e e i cl ded i he da aba e. All le i i h ec ed PVNS e e              
c fi ed hi a h l gicall a d he l ca i a d e e e e defi ed e e a i e          
b  MRI.  
All a ie ecei ed a e ec , i e ca e le e ed b           
a h c . F he k ee j i a c bi a i f a e i a d e i ec            
f he diff e b e " i i- e " e ec i i l cal f e e a lied. If he              
di ea e a e e ded, a - age e ec i a e f ed. S b e e l , 2          
a ie  ecei ed adj a  adia i  a d 27 a ie  a RSO. 
I he 32 a ie h e k ee e e affec ed b he diff e e, a al f 37                
gical i e e i e e e f ed. S b e e l , 26 a ie ecei ed RSO,11         
e. 
The f ll - a e f ed b MRI a fi ed i e al . S a i ical e al a i a            
e f ed i g a da d e h d ch a Ka la -Meie , L g-Ra k Te a d          
Chi-S a e Te . 
The die e e c d c ed af e a al b he E hic C i i f he Medical             
Fac l f he L d ig-Ma i ilia -U i e i M ich (P 17-889) a d af e b ai i g          
i e  c e  f he a ie . 
6.2. Re l  
The edia f ll - i e a 71 h (13-238). T a ie e e l f ll              
a a e l f acce . 22 (18%) ca e had a ec e ce i hi 18 h                
a d >90% f al ec e ce  cc ed i hi  he fi  h ee ea .  
Of he 22 e ec i h had ec e ce i hi 18 h , 9 (11%) a d 13 (34%)               
had i a  a d ec da  ec e ce  e ec i el . 
Af e addi i al e ec i , a d a he e d f he f ll e i d, 6 i di id al had a                
e i e ce f hei alig a c . Thi c i ed 5.8% f a ie ( =103) a d 5% f             
al e ec i  e f ed ( =120). 
Diff e hi a h l g  f he k ee a  f d i  66 ca e  (54%). 
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Of he a ie i h diff e a h l g h e e e a ed , 9 (24%) e ec i had              
ec e ce f af e 19 h . Of he e 9 ca e , 3 (17%) had a i a ec e ce               
a d 6 (32%) ec da . 26 le i e e ea ed i h RSO a d 6 (23%) de el ed a               
ec e ce. I he c l g , h did de g e RSO, 3 (27%) a ie had              
a ec e ce ( =11) [24], [25]. 
6.3. C cl i  
The ic e f ig e ed ill d la i i i a a e, be ig life a i a i g            
f he ial e b a e i h ead i he j i a d al g e d hea h . Thi              
e i e lead a high deg ee f ffe i g a d e l i aj e ic i i              
bili  i  e e da  life. 
A h i die , h e e , he e a e g d ibili ie f c a i e             
i e e i . Agg e i e gical i e e i e e e he g ld a da d. The e         
a e a i  i  a ailable f  f ll -  ea e . 
We ha e bee able de a e a i i e effec f adj a            
adi i he i (RSO), a he k ee j i . We hi k RSO i effec i e i ed ci g             
he high be f l cal ec e ce i high i k a ie hich b i g he i k i               
h e a ie d he l e i k f he c l g . B i ca be ega ded                
a he a al e a i e agg e i e gical e ec i adj a c e a i f            
i ade a e e ec i . 
Teachi g he ical cli ical a d adi l gical ic e f PVS be ed             
ha  i  ca  be ec g i ed a d ea ed a  a  ea l  age. 
P jec ch e abli h e f a ie g e cha ge e e ie ce a d          
he a ie a i e he a he a ie deal i h hi di ea e i hei e e da              
li e . 
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7. E     A
De Bei ag de D k a de Ca l Fe di a d Ca elle , de i de Facha ikel           
L e i g he ec e ce a e i ig e ed ill d la i i : A e ie f 120            
e ec i al E a d i The effec f adi i he i i ig e ed           
ill d la i i f he k ee al K -A a f i , fa ei e die            
K ak a f ah e i de Pa ie e , ie die eige dige E heb g d         
A e g de Pa ie e da e . Z a de e a e i Z a e a bei i P f.           
D . H.R. D a de kli i che I e e a i de Da e , Li e a eche che ie a            
de  Ve fa g d be a bei g beide  Ve ffe lich ge  a geblich be eilig . 
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8. V  I
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Concise report doi:10.1093/rheumatology/key133
Lowering the recurrence rate in pigmented
villonodular synovitis: A series of 120 resections
Carl Ferdinand Capellen1, Reinhold Tiling2, Alexander Klein1,
Andrea Baur-Melnyk3, Thomas Knösel4, Christof Birkenmaier1, Falk Roeder5,6,
Volkmar Jansson1 and Hans Roland Dürr1
Abstract
Objectives. Tenosynovial giant-cell tumour or pigmented villonodular synovitis is an aggressive synovial proliferative
disease, with the knee joint being the most commonly affected joint. The mainstay of therapy is surgical resection.
The aim of this study was to evaluate the main patient characteristics, treatment and outcomes in a large single-
centre retrospective study, focusing on meticulous aggressive open surgical procedures.
Methods. From 1996 through 2014, 122 surgical interventions were performed in 105 patients. All patients underwent
open synovectomy and when the knee joint was affected, combined anterior and posterior synovectomy. Radiotherapy
was applied in 2 patients, radiosynoviorthesis in 27 patients.
Results. In histopathology, the diffuse type was seen in 66 (54%) lesions. Two patients were lost during follow-up. At a
median follow-up time of 71 months (range: 13!238), 22 (18%) lesions recurred within a median of 18 months, >90% in
the first 3 years. Out of those 22 recurrences, 9 (11%) were seen in primary disease and 13 (34%) were a second
recurrence. After renewed resection, 6 (5%) out of the 120 resections had persistent tumour at the end of follow-up.
Based on the number of patients with complete follow-up (n = 103), this represents 5.8%.
Conclusion. In diffuse-type pigmented villonodular synovitis, total synovectomy might be difficult to achieve. As shown
in our results and also in the literature, meticulous open resection, especially in difficult to approach areas such as the
popliteal space, reduces local recurrence rates. External beam radiation is an option in prevention of otherwise non-
operable local recurrences or in non-operable disease.
Key words: tenosynovial giant-cell tumour, PVS, surgery, recurrence, prognostic factors
Rheumatology key messages
. Pigmented villonodular synovitis has a high risk of recurrence after synovectomy in the first 3 years.
. Patients with already recurring lesions of pigmented villonodular synovitis are especially at risk for further
recurrence.
. Meticulous surgical resection reduces local recurrence rate in pigmented villonodular synovitis to less than 10%.
Introduction
Tenosynovial giant-cell tumour, historically known as pig-
mented villonodular synovitis (PVS), is a benign but ag-
gressive synovial proliferative lesion. It was first described
by Chassaignac [1] and termed PVS by Jaffe et al. [2]. PVS
is rare with an annual incidence of about 1.8 patients/mil-
lion and with a peak in the third or fourth decade of life [3].
The knee joint is the most commonly affected, followed by
the hip and ankle joints [4]. In tenosynovial tissue, a pro-
liferation of synoviocytes attracts inflammatory cells such
as histiocytes and hemosiderin-laden macrophages [5].
We now distinguish the localized (nodular)—where brown-
ish, villous and nodular tissue is seen, sometimes invading
the adjacent bone—from the diffuse type [6].
The aetiology of the lesion is still unknown but neoplas-
tic clones found in PVS often express colony-stimulating
factor 1 (CSF1) and frequently have a t(1; 2) translocation
[7]. Malignant transformation is reported in very few cases
[8]. Clinical presentation is nonspecific with symptoms
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such as swelling, pain and joint locking caused by nodular
lesions [9].
The mainstay of therapy is surgical resection either with
marginal excision in localized disease or with total syno-
vectomy in diffusely involved joints or tendon sheaths.
There is still controversy whether this should be done by
aggressive open synovectomy or by an arthroscopic ap-
proach, if feasible [10, 11]. Conventional radiotherapy as
well as radiosynoviorthesis might also affect the rate of
local recurrence (LR) or even cure the disease [12]. In
recent years, systemic antibody treatment with
PLX3397, a selective CSF1 receptor inhibitor, has shown
some favourable results [5].
The aim of our study was to evaluate the main patient
characteristics, treatment and outcomes in a large single-
centre retrospective study, focusing on meticulous ag-
gressive open surgical procedures.
Methods
Patient characteristics
From 1996 through 2014, 105 consecutive patients with
PVS were treated at our institution and a total of 122 sur-
gical interventions were performed. All lesions had a diag-
nosis of PVS based on histological features and
immunohistochemistry. In most cases, MRI was used to
preoperatively define the size and localization of the
tumour.
The median age of the 58 male and 47 female patients
was 42 years (range: 12!82) showing two peaks at 20!30
and 40!50 years, respectively. The affected anatomical
region was the knee joint in 58 patients, the feet in 16,
the hand in 11, the ankle joint in 9, the hip joint in 4, the
elbow joint and soft tissue at the lower calf with 2 each,
and sacral joints, soft tissue of the upper calf and shoulder
with 1 each. Pain (54%), swelling (40%), joint effusion
(12%) and knee locking (3%) were the typical symptoms.
The median duration of symptoms until diagnosis was
8 months (range: 0!428). For detection of recurrent le-
sions, sequential MRI had been used. Forty of the 122
resected lesions were already recurrences after previous
surgical resections.
Treatment characteristics
All patients underwent open synovectomy and in some
cases, an additional arthroscopy was performed for diag-
nostic reasons. At the knee, a combined anterior and pos-
terior synovectomy in diffuse PVS or mini open resections
in nodular diseases were performed. In large lesions (e.g.
involvement of all parts of the hind and middle foot), a
two-stage resection was performed. Adjuvant radiother-
apy was applied in 2 patients and radiosynoviorthesis in
27 cases at the knee following a standardized protocol
6!8 weeks after surgery: under sterile conditions, 185
MBq (5 mCi) of 90Y-colloid was administered, after the
intraarticular position of the needle tip was ensured by
an injection of radiopaque contrast under fluoroscopy.
Follow-up evaluation and statistical analysis
All but two patients could be contacted for this study. No
patient had deceased. MRI was the standard imaging mo-
dality for follow-up, starting 3 months after surgery, fol-
lowed by every 3 months in the first year, every 6 months
in the second year and then yearly for 5 years. However,
not all patients adhered strictly to that schedule.
Recurrence was defined either as a progressive lesion
with the typical appearance of PVS in MRI or by conclu-
sive histopathology from repeat excisions. The time to re-
currence was calculated from the date of surgery to the
date of the first imaging study with a recurrence (as diag-
nosed by imaging directly or by later histopathology).
The study was approved by the Ethics Committee of the
Faculty of Medicine, Ludwig-Maximilians-University Munich
(P 17-889). Written consent was obtained from all patients.
For statistical analysis, the recurrence-free survival was
calculated according to the Kaplan-Meier method.
Significance analysis was performed using the Log-Rank
test or the Chi-square test. The data analysis software
used was MedCalc, MedCalc Software, Ostend, Belgium.
Results
Diffuse PVS was seen in 66 (54%) lesions. Two patients
could not be contacted, leaving 120 resections in 103 pa-
tients for follow-up. At a median follow-up time of
71 months post-surgery (range: 13!238), 98 of the 120
resected patients showed no evidence of LR. Twenty-
two lesions recurred within a median of 18 months
(range: 3!75) after surgery (Fig. 1). Of those 22 recur-
rences, 9 (11%) were seen in primary disease whereas
13 (34%) were in already recurring cases (Fig. 2). Our LR
rate was 18% in total.
Including all locations, there was no statistically signifi-
cant difference between LR in diffuse and nodular forms
with regards to recurrence. At the knee, 8 of 36 (22%)
diffuse and 3 of 28 (11%) nodular lesions recurred (not
significant). Out of 29 patients who came to our depart-
ment with LR after having had the index surgery at other
institutions, 10 recurred again. Seven out of those 10 pa-
tients had further surgery with one LR treated in a third
surgery, which then again led to LR. Out of nine patients
with LR after initial resection at our institution, seven had
additional surgery, one recurred again and is disease-free
after a third surgery. In total, 6 out of 120 resection pa-
tients (5%) had persistent tumour at the latest follow-up.
Based on the number of patients with complete follow-up
(n = 103) this represents 5.8%.
Regarding radiotherapy, none of the two patients
showed recurrent disease. In 27 patients with adjuvant
radiosynoviorthesis, 7 (32%) recurred.
Six surgical complications were encountered in total:
one necrosis of the femoral condyle after total synovect-
omy of the knee and repeated radiosynoviorthesis/radio-
synovectomy; one peroneal nerve palsy with total
recovery; one deep infection; one instability of the collat-
eral ligament at the knee; and two wound revisions due to
haematomas.
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Discussion
As described in literature, PVS shows a predilection for
young adults. In our large series, we found a previously
undescribed double-peak distribution, with the first peak
between 20 and 30 and the second between 40 and
50 years of age. Beyond these two peaks, we also saw
very young or much older patients with PVS. The latter
group had in some cases PVS diagnosed by coincidence
in the context of an arthroplasty procedure and in conse-
quence received additional synovectomy. There was no
statistically significant sex difference in our series, but we
observed a tendency towards males, which is in contrast
to most previsously published studies [13]. The duration of
symptoms prior to diagnosis was also independent of sex.
Our study does not focus on the diagnosis of PVS. MRI is
a well-established standard and was used for primary
diagnosis and in follow-up [14, 15].
Surgery remains the mainstay of therapy, but there is no
generally accepted standard as to what type of surgical
procedure should be preferred. Primarily with knee joint
PVS, but also when the hip is affected, arthroscopic and
open synovectomy are competing treatment modalities. In
a survey including 173 patients from 10 centres in
Germany and Austria, the rate of LR was very much de-
pendent on the number of cases treated [9]. Institutions
with <20 cases per year had an LR of 56%, those with
greater numbers ranged between 15 and 37%. In a large
meta-analysis including 630 patients with PVS of the
knee, in diffuse disease with open synovectomy or the
combination of open and arthroscopic synovectomy and
adjuvant external beam radiotherapy or radiosynoviorth-
esis in open and combined surgery, lower rates of LR (24
and 14%) as compared with arthroscopic synovectomy
(38%) could be shown. In the localized lesions, there
was no difference between the subgroups (LR 6!8%)
[10]. This reflects our own experience with a LR at the
knee of 22% in diffuse and 11% in localized forms, and
either open or combined open and arthroscopic
procedures. It is worth mentioning that the rate of joint
stiffness was higher (11%) after open surgery as com-
pared with arthroscopic (2%). A careful physical rehabili-
tation program therefore seems important especially after
open synovectomies. These results are in contrast to an-
other large meta-analysis on the same subject including
1019 patients [16]. In localized disease, LR was 7!9% for
both methods whereas in the diffuse form, arthroscopic
surgery did better (16%) than open surgery (23%).
Complications are described in 0% of arthroscopic resec-
tions and 19% of open synovectomy. However, in that
study radiotherapy in either form was not a selection
criterion.
The largest analysis with 214 PVS cases at the knee
was performed in the UK [11] with the chosen treatment
being nearly exclusively open synovectomy. In this series,
LR was 48% in diffuse forms and 9% in localized disease.
The authors did not discuss this specifically, but these
surprisingly poor results in diffuse forms might be due to
the fact that six different surgeons had performed those
cases over several years. The number of recurrent cases
at presentation (12%) in the UK study offers no adequate
explanation for those results (this study 29/105, 28%). So
as clearly shown by Bruns et al. [9], experience and me-
ticulous surgery is most important in aggressive diffuse
lesions.
During follow-up, one-third of LR were within the first
year, another third in the second and <10% after 3 years.
Therefore, follow-up MRIs every 6 months during the first
3 years should be able to detect >90% of all LR. LR has a
good chance of cure by additional surgery. LR in recurring
lesions was in total 34%, but eventually, 94% of the pa-
tients were free of tumour.
Radiotherapy is a valid option in patients with diffuse
disease that cannot be treated by means of surgery. Park
et al. [12] reported LR rates in 4 of 23 patients (17%)
treated with 12!34 Gy of external beam radiation with
PVS of the knee. But in all of these patients, either arthro-
scopic or open synovectomy was performed prior to ra-
diation. An LR of 0% after arthroscopic resection and
FIG. 1 Local recurrence-free survival in 120 surgical re-
sections of PVS
PVS: pigmented villonodular synovitis.
FIG. 2 The impact of recurrent disease on local recur-
rence-free survival (P = 0.0009)
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radiotherapy with 20!30 Gy in 26 patients was reported
by Li et al. [17]. Adjuvant radiosynoviorthesis/radiosyno-
vectomy with Yttrium-90 is also used in many patients
especially at the knee, and this was also the case in our
study. There are reports of favourable outcomes but
there is no clear indication for this method of treatment
[18, 19].
New approaches with an antibody-mediated inhibition
of the CSF1 receptor-kinase in a dose escalation study on
41 patients showed stable disease in eight cases and
one partial response. The subsequent treatment study in
23 patients showed 12 patients with stable disease and
7 with a partial response [5].
Conclusions
PVS is a rare aggressive lesion affecting most often the
knee but also any other synovial tissue. In localized dis-
ease, marginal resection shows favourable results
whereas in diffuse forms, total synovectomy might be dif-
ficult to achieve. As shown in our own results as well as in
the literature, meticulous resection especially in difficult to
approach areas like the popliteal space reduces LR rates.
Adjuvant external beam radiation is an option in preven-
tion of otherwise non-operable LRs or in non-operable
disease. In follow-up, two-thirds of LR were diagnosed
during the first 2 years, and <10% after 3 years. A
follow-up MRI every 6 months during the first 3 years
should be able to detect >90% of all LR.
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Abstract
Introduction Tenosynovial giant-cell tumor also known as pigmented villonodular synovitis (PVS) is a benign but aggressive 
synovial proliferative disease most often a!ecting the knee joint. The mainstay of therapy is surgical resection. Due to a high 
rate of local recurrence, radiosynoviorthesis (RSO) is used as an adjuvant method in many cases. The aim of this study was 
to compare local recurrence (LR) rates after surgical synovectomy with and without adjuvant RSO.
Materials and methods From 1996 to 2014, 37 surgical interventions were performed in 32 patients with di!use pigmented 
villonodular synovitis of the knee. All patients underwent open synovectomy. Adjuvant radiosynoviorthesis (RSO) was 
applied in 26 cases, the control group consists of 11 cases without RSO.
Results 9 (24%) lesions recurred within a median of 19 months after surgery. Of those 9 recurrences, 3 (17%) were seen in 
primary disease, 6 (32%) in already recurring cases (n.s.). In 26 RSO treated patients 6 (23%) recurred, in 11 patients of the 
control group, 3 (27%) recurred (n.s.).
Conclusions RSO is e!ective in PVS as also shown in some smaller reports in the literature. But surgery is still the mainstay 
of therapy. RSO is not a method of compensating for an insu"cient surgical approach, but it may reduce the high rate of LR 
in patients with large and even recurrent di!use forms of the disease.
Keywords Synovitis#· Pigmented villonodular#· Giant cell tumor of tendon sheath#· Synovectomy#· Neoplasm recurrence#· 
Local#· Radiosynoviorthesis
Introduction
Tenosynovial giant-cell tumor, historically known as pig-
mented villonodular synovitis (PVS) is a benign but aggres-
sive synovial proliferative condition [4, 10]. PVS is compar-
atively rare with an annual incidence of about 1.8 patients/
million and occurs especially in adults in their third or fourth 
decade of life [16]. The knee joint is the most commonly 
a!ected joint in about 50% [24].
The etiology of the lesion is unknown, but neoplastic 
clones found in PVS often express colony-stimulating factor 
1 (CSF1) and frequently have a t(1; 2) translocation [23]. In 
the localized (nodular) as well as in the di!use form, brown-
ish, villous and nodular growth can be observed, sometimes 
invading the adjacent bone [14]. The clinical presentation is 
nonspecific with symptoms such as swelling, pain and joints 
locking caused by interposition of nodular lesions [2].
The mainstay of therapy is surgical resection either with 
marginal excision in localized disease or with total syn-
ovectomy in di!usely involved joints or tendon sheaths [6]. 
Conventional radiotherapy, as well as radiosynoviorthesis 
might also a!ect the rate of local recurrence or even cure 
the disease [19]. Local recurrence (LR) is seen in more than 
20% of the cases localized in the knee with the di!use form 
of the disease [1]. Therefore, adjuvant intra-articular radia-
tion synovectomy—radiosynoviorthesis—(RSO) has been 
employed for decades to reduce the risk of LR. The pub-
lished results in some very small series of patients seem 
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to be favorable (Table#1) but due to a lack of comparative 
studies with and without RSO, the overall benefits of RSO 
still remain unclear.
The aim of our study was to evaluate the treatment out-
comes in a large single-centre retrospective study compar-




Between 1996 and 2014, 105 consecutive patients with PVS 
were treated in our institution and a total of 122 surgical 
interventions were performed. All lesions had a diagnosis of 
PVS based on histological features and immunohistochemis-
try. Preoperatively, predominantly magnetic resonance imag-
ing (MRI) was used to define the size and localization of 
the tumor. All patients underwent surgical resections. This 
group has been described in detail before [3]. Out of those 
58 (55%) patients had an involvement of the knee of which 
26 (45%) were of the nodular type and 32 (55%) showed 
di!use disease.
These latter 32 patients together with 37 surgeries consti-
tute the study population. RSO was performed in 26 cases 
(70%). 11 Cases without RSO were used as the control.
The mean age in both groups was 49 (14–82) years. The 
RSO group consisted of 12 male and 14 female patients and 
the control group of 4 male and 7 female patients (n.s.). 
Patients with already recurrent disease were seen in 50% 
(RSO) and 46% (control) (n.s.).
The mean duration of symptoms prior to diagnosis was 
26 (0–151) months in the RSO and 19.4 (0–115) months in 
the control group (n.s.). Progressive MRI findings were used 
as a marker of LR.
All patients underwent open synovectomy, in some cases 
additional arthroscopy for diagnostic reasons was performed 
prior to the actual surgical resection which consisted of a 
combined anterior and posterior open synovectomy. Adju-
vant external beam radiotherapy or systemic targeted therapy 
were not utilized.
Three-phase bone scintigraphy
Three-phase bone scintigraphy was performed 24#h before 
RSO using a dual-detector (E.CAM, Siemens Medical Solu-
tions, Erlangen, Germany) with a low-energy, high-resolu-
tion collimator (LEHR) and the energy window centered on 
the 140-keV 99mTc photopeak. Blood flow scans (first phase) 
consisted of serial dynamic images of the knee acquired for 
2#min directly after iv injection of 500#MBq 99mTc-methyl-
ene diphosphonate (99mTc- MPD). Subsequently, blood pool 
images (second phase) were obtained for 2#min in the same 
position. Three hours later, whole-body delayed images 
(third phase) were acquired using a 15#cm/min table speed.
Radiosynoviorthesis (RSO)
RSO was performed under sterile conditions following 
a standardized protocol owing to the guidelines after the 
exclusion of contraindications 6–8 weeks after surgery. 
Under sterile conditions, the lateral suprapatellar recess 
was punctured, and 185#MBq (5#mCi) of 90Y-colloid was 
administered, after the intraarticular position of the needle 
tip was ensured by an injection of radiopaque contrast under 
fluoroscopy. Intra-articular distribution of the radiopharma-
con was verified by Bremsstrahlung imaging.
Table 1  Systematic review of studies reporting e!ectiveness of radiosynoviorthesis in PVS
* Recurrence before treatment in the study
Author Year Patients (n) Knee + RSO (n) Recurrent 
cases* (n)
Clinical benefit knee (n) Radiological 
benefit knee 
(n)
Franssen et#al. [7] 1989 8 8 6 4 (50%) –
Gumpel et#al. [8] 1991 9 9 5 6 (67%) –
Kat et#al. [11] 2000 11 8 3 8 (100%) 8 (100%)
Chin et#al. [5] 2002 40 30 30 Benefit in score 25 (83%)
Shabat et#al. [20] 2002 10 6 4 6 (100%) 6 (100%)
Ward et#al. [22] 2007 9 6 0 6 (100%) 5 (83%)
Öztürk et#al. [18] 2008 7 7 0 – 7 (100%)
Zook et#al. [25] 2011 9 8 7 6 (75%) –
Ottaviani et#al. [17] 2011 122 50 0 Benefit in score 35 (70%)
Koca et#al. [12] 2013 15 15 10 13 (87%) 15 (100%)
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Follow-up
All patients were contacted for this study and no patient had 
died or been lost to follow-up. MRI was used for follow-
up imaging, routinely starting 3#months after surgery, then 
every 3#months in the 1#year, every 6#months in the second 
year and then yearly for 5#years. Not all patients adhered 
strictly to that schedule. Recurrence was defined either as a 
progressive typical appearance of PVS in MRI or histologi-
cally proven in a second surgery. For calculating the time to 
recurrence, the date of surgery was used as baseline.
Statistical analysis
For statistical analysis, the recurrence-free interval was cal-
culated by the Kaplan–Meier method. Significance analysis 
was performed using the log-rank test or the Chi-square test. 
The data analysis software used was MedCalc®.
Ethics approval and!consent to!participate
This study was approved by the ethics committee of the 
Medical Faculty, University of Munich. Written consent was 
obtained from all the patients included in this study.
Results
At a median follow-up time of 49 months (14–193), 28 of 
the 37 resected patients showed no evidence of LR. 9 (24%) 
lesions recurred within a median of 19 months (3–75) after 
surgery (Fig.#1). From those 9 recurrences, 3 (17%) were 
seen in primary disease, 6 (32%) in already recurring cases 
(Fig.#2) (n.s.).
In 26 RSO treated patients, 6 (23%) recurred, in 11 
patients of the control group 3 (27%) recurred (Fig.#3) 
(n-s.).
In 13 patients with local recurrences after treatment in 
other hospitals, 5 recurred again following second surgery 
in our Department. Of those five patients 3 had further 
surgery with a third LR in one case. In 3 cases with LR 
after initial resection in our Department, all 3 had a second 
resection and are disease free at final follow-up. Overall, 
out of 37 resections, four patients (11%) had LR at final 
follow-up. All 4 had undergone RSO.
Fig. 1  Local recurrence-free survival in 37 patients with PVS of the 
knee
Fig. 2  The impact of recurrent disease on local recurrence-free sur-
vival (n.s.)
Fig. 3  The impact of Radiosynoviorthesis on local recurrence-free 
survival (n.s.)
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Discussion
Radiosynoviorthesis is e!ective in di!use forms of Pig-
mented Villonodular Synovitis. Even in tight joints as 
the hip RSO is an option for adjuvant therapy [9]. In this 
study, RSO reduced the rate of LR in patients with high-
risk forms of the disease (large, recurrent, di!use) to the 
moderate “normal” risk of di!use PVS at the knee.
1. Surgery is the mainstay of therapy. In a large meta-
analysis including 630 patients with PVS of the knee in 
di!use disease with open synovectomy and the combi-
nation of open and arthroscopic synovectomy or arthro-
scopic synovectomy, only LR was seen in 23% and 26%, 
respectively.
2. To the best of our knowledge, only the study of Chin 
et#al. in 2002 compared 5 patients with surgery alone 
(LR 0%), 30 with surgery and RSO (LR 15%) and 5 
with surgery and external beam radiation (LR 40%). 
In a subset of studies including RSO, the LR rate was 
14% in 43 patients, with external beam radiation 11% 
in 123 patients, compared to 37% in 282 patients with-
out any form of adjuvant radiation (p < 0.001) [15]. The 
di!erence was more pronounced in patients receiving 
arthroscopic synovectomy only. Therefore, the authors 
concluded that any form of radiation therapy may have 
most benefit in those patients with residual disease. They 
also did not see any negative influence of these treat-
ments on joint function or wound healing.
Taking into account only those 3 studies using RSO in 
more than 10 patients with di!use PVS at the knee, the 
rate of LR was 21% in 95 patients. This reflects our own 
experience. The most optimistic results with 0% LR had 
been published in small, single-digit case series.
3. The major limitation of our study is its retrospective, 
non-randomized character. This data has hence to be 
interpreted with several restrictions. The number of 
patients with already recurring disease was close to 50%. 
LR, therefore, had to be expected in a greater number of 
cases. In primary disease, LR was 17%, leaving not too 
much opportunity to lower this rate with RSO. In recur-
rent disease and due to the fact of our institution being 
a tertiary reference center, many of the cases had exten-
sive disease and hence a worse prognosis from the out-
set. The indication for RSO might have been as in many 
retrospective studies biased by the fact that the indica-
tion for treatment was especially seen in those patients 
with an anticipated worse prognosis. However, and not-
withstanding these limitations, our data suggests that 
RSO is not a method of compensating for an insu"cient 
surgical resection, but rather that RSO might reduce the 
high rate of LR in patients with large and even recurrent 
di!use forms of the disease to a risk similar to that of an 
average patient with a less problematic disease extent.
4. As a second or third step in increasingly aggressive ther-
apy, external beam radiation has to be mentioned as a 
further option in patients with di!use disease for which 
an adequate surgical option does not exist [19]. Park 
et#al. reported LR rates of 4 out of 23 patients (17%) 
treated with 12–34#Gy of external beam radiation at the 
knee. But in all of these patients, either arthroscopic 
or open synovectomy had been performed before. A 
LR of 0% after arthroscopic resection and radiotherapy 
with 20–30#Gy in 26 patients was reported by Li et#al. 
[13]. Recently systemic approaches with an antibody 
blockade of CSF1R Kinase in a dose escalation study in 
41 patients showed 8 subjects with stable disease and 1 
with a partial response, whereas in the following treat-
ment study on 23 patients, 12 had stable disease and 7 
had partial responses [21]. Therefore, this novel therapy 
might present an additional option for PVS patients who 
have exhausted local therapies.
Conclusions
Radiosynoviorthesis is e!ective in di!use forms of Pig-
mented Villonodular Synovitis. But surgery is still the main-
stay of therapy. RSO is not a method of compensating for 
an insu"cient surgical approach, but it may reduce the high 
rate of LR in patients with large and even recurrent di!use 
forms of the disease. Its use should, therefore, be limited 
as an adjuvant therapy to patients after total synovectomy 
leaving no visible disease behind with a considerable risk 
of local recurrence.
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